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Cadillac Quality 
in Volkswagen Space 


he long-standing contention that 

the bigger the speaker the better 

the sound has, in the last decade, 
been fighting a rear-guard action against 
the clear voice of reason embodied in 
the bookshelf types pioneered by Edgar 
Villchur in his AR revolution. But the 
heaviness of some, the less than 
fulfilling extremes of range of others, 
have left the musical optimumists 
vaguely or less than vaguely dissatisfied, 
according to their inclinations and 
expectations. 

In the last year or so, however, aural 
extremists have been offered a new 
solution to their problems, and, after a 
time trial measured in months rather 


than weeks, this one can definitely 


proclaim that Bose is best, big or small, 
high or low. Like many top innovations, 


it is not the cheapest or the prettiest 
embodiment of its purpose, but it 
combines function with form in classical 
proportions of efficiency and 
compactness. For the furniture minded, 
the well-textured wood frame is 
available with a choice of four grill 
panel cloths. 

The particular novelty of the 
MIT-derived design (Amar G. Bose did 
graduate and postgraduate work, and 
has held a professorship in acoustics at 
that institution) is the diffusion of 
sound from the rear of a small, 
cube-shaped hexagon, rather than from 
the front. A mere 20 5/16 inches wide, 
12 3/4 inches high, and 12 7/8 inches 
deep, it uses the wall against which it is 
positioned as part of the sound-dispers- 
ing pattern. Two of them properly 
powered (my source is Marantz) can 
provide more sound than even an 
oversized studio room can absorb. An 
adapter network, housed in a less than 
book-sized enclosure, enables the speak- 
ers to be tuned to the specific space in 
which they are positioned. 

As a basis of comparison, my 
listening ears have been attuned for 
more than a decade (since 1958, when 
stereo came in) to a pair of oversize 
KLHs (7s, measuring many feet of cubic 
content) extended in range through 
electrostatic (high end) tweeters. Not 
only can I not detect any loss of 
response at the extremes of range in an 
A-B test of the Bose pair vs. the 
KLH-plus pair, but there is more 
solidity in the Bose midrange and equal 
smoothness through the transient re- 
sponse. The pair of Bose speakers list at 
$476, but the payoff is comparable to 
Cadillac quality in Volkswagen space. 

LK. 
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@ DEPENDING on one’s viewpoint, the Bose 901 speaker 
ystem might be considered a revolutionary approach to 

ind reproduction, or simply a workable combination of 
well-established (and sometimes deprecated) techniques 
The Bose 901 enclosures house nine small, specially de- 
signed drivers that have 4-inch cones and powerful mag- 
netic structures. Eight of the drivers are angled to the rear, 
while the ninth is mounted on the front of the enclosure 
facing the listening area. This arrangement is intended to 


eve approximately the same ratio of direct to reflected 
PI 


sound that exists in the concert hall. 
The 90l's cabinets are quite compact, measuring 12% 
inches high by 20",5 inches wide when viewed from the 


front. Seen from the top, the rear of the enclosure forms a 


V“ of about 120 degrees. Basic to its operation is the re- 
quirement that it be mounted with the “V” facing the wall, 
the apex being about 12 inches from the wall. When a pair 
of 9OL’s are so installed, the sound appears to be uniformly 
distributed across the wall between the speakers completely 
free of any “hole-in-the-middle” effect. Since only 11 per 


cent of the sound is radiated directly forward, it is almost 
ssible to localize the source 

An intrinsic part of the Bose 901 system is an active 
(ten-transistor) equalizer that handles both channels; it 
compensates for the high-frequency losses inherent in the 
reflecting process and also flattens out the bass response. 
(The uncompensated bass response is down because of the 
natural bass roll-off resulting from the very small volume of 
the enclosure.) Housed in a walnut cabinet 2! inches 
high by 914 inches wide and 634 inches deep, this self- 
powered equalizer unit is connected either between the 
preamplifier and power amplifier or in the tape-monitoring 
signal path of the amplifier or receiver. In the latter case, 
the amplifier's tape-monitor switch is left set to TAPE. So 
that the tape-monitor function would not be lost, Bose has 
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built it into the equalizer. A tape recorder can be connected 
to the equalizer and the usual monitoring switching per- 
formed through it. 

There are five controls on the equalizer, four rocker 
switches and one five-position rotary control. One rocker 
serves as an on-off switch, another as the tape-monitor 
switch, and the third as a low-cut filter that primarily 
affects frequencies below 40 Hz. This is intended to reduce 
rumble or acoustic feedback. The fourth rocker switch in- 
teracts with a rotary five-position treble-contour control. 
When the rocker switch is set for NORMAL, the rotary 
switch provides a boost position, a flat position, and three 
positions of decreasing high-frequency response from the 
speakers. When the rocker switch is set for TREBLE DECREASE, 
it introduces a depression in the response between 2,000 
and 6,000 Hz. The five switched contours then not only 
affect the very-high-frequency speaker performance, but 
also the frequencies between 500 and 2,000 Hz that are 
not affected with the rocker switch in its NORMAL position. 
In all, ten different high-frequency/mid-range response 
contours are available. 

For those who have well-trained hearing and musical 
judyment—plus the urge to tinker—it is possible to correct 
for poor recordings to a remarkable degree with the 
equalizer controls. Most people will probably prefer to 


leave them in their NORMAL settings. 


The active equalizer introduces no perceptible distortion 
We measured its distortion at less than 0.13 per cent for 
any output under 3 volts, which is greater than would be 
required with any amplifier we know of. The output signal 


is of approximately the same level as the input signal. 
In the August, 1968 Technical Talk column, I comment- 
ed on the difficulty of describing speaker performance in 
purely objective terms. The Bose 901 is a perfect illustra- 
tion of this problem. After a couple of months of living 
with a Bose 901 system. I am convinced that it ranks with 
a handful of the finest home speaker systems of all time 
Because of its unconventional mode of operation, I rather 
doubted that any frequency-response measurements I could 
make would account for the remarkable realism of its 
sound. Difficult as it is to measure the output of a single 
direct radiator in a normal living room, it is well-nigh im- 
possible to measure an almost perfectly dispersed sound 
pattern such as that of the 901 without strong influence 


from the effects of room acoustics. Nevertheless, a mea- 
surement was attempted. 

We placed the speaker in the recommended position 
relative to the wall. We did not have the equalizer in the 
signal path for our frequency-response and tone-burst 
measurements, but measured the equalizer response sep- 
arately and added it to the speaker response to obtain the 
final curve. Ten microphone positions were used, and their 
readings averaged. Harmonic distortion was measured at 
a 1-watt drive level with the equalizer installed. 


It was no surprise to find that the final response curve 
was not as flat as some we have measured. There appeared 
to be a broad rise of about 5 or 6 dB in the 130- to 250-Hz 
region, although we could not detect its presence by ear. 
The output fell smoothly above 1,000 Hz to —7 dB at 
6,000 Hz, then rose to the 1,000-Hz reference level between 
10,000 and 15,000 Hz. 


The low-frequency harmonic-distortion measurements 
were affected by the speaker and microphone placement. 
The distortion was 7 per cent at 20 Hz, and reached maxi- 
mums of 12 per cent at 30 Hz and 10 per cent at 50 Hz. 
It was considerably lower at other frequencies in the bass 
range. (As a point of reference, the better acoustic-sus- 
pension speakers have about half as much measured dis- 
tortion at similar drive levels. ) 


We listened to the Bose 901 in several listening rooms 
which ranged acoustically from extremely hard and bright 
to quite dull. It was compared in A-B tests with several of 
the better speaker systems at our disposal. The Bose 901 
had an utterly clean, transparent, and effortless sound. Its 
clarity and definition when reproducing complex orchestral 
passages were, in the writer's opinion, unsurpassed by any 
other speaker he has heard. This impression was con- 
firmed by its tone-burst response, which was uniformly 
excellent across the frequency spectrum. Its low-bass re- 
sponse was difficult to credit to such a compact system. It 
had all the room-filling potency of the best acoustic-sus- 
pension systems, combined with the tautness and clarity of 
a full-range electrostatic speaker. The spatial distribution, 


The uniformly excellent 
tone-burst response of 
the Bose 901 is illustrated 
by the oscilloscope 
photos of tone-bursts at 
(left to right) 130, 

1,000, and 9,500 Hz. 


which brings an entire wall alive with sound, contributes 
greatly to the sense of realism. 

There is, unfortunately, a serious obstacle to the uni- 
versal acceptance of a speaker such as the Bose 901. The 
12-inch gap necessary between the apex of the speaker and 
the wall places the front of the speaker about 30 inches 
from the wall. Bookshelf mounting is generally imprac- 
tical, and it may be difficult to install the 901 in the correct, 
location without disturbing room decor. Many potential 
users will be forced to decide between style and sound. 

Electrically, the Bose 901 is rather inefficient, and the 18 
dB of bass boost supplied by the equalizer requires huge 
reserves of amplifier power if loud low-frequency pass- 
ages are to be played. To a lesser degree, the same problem 
exists at the very high frequencies. Bose recommends ampli- 
fier power ratings from 20 to 200 watts per channel, into 8 
ohms. We have used it successfully with amplifiers at 
both ends of this range. Unlike most speakers, the 901 
sounds as good at a whisper as it does at a roar, but if 
you are ever tempted to turn up the volume a bit, an 
amplifier with a continuous power rating of at least 60 
watts per channel is strongly recommended. A possible 
compromise is to use the “below 40 Hz” roll-off in the 
equalizer, which reduces low-frequency peak-power re- 
quirements by 8 dB and has little audible effect. Inci- 
dentally, don’t worry about overloading the 901. The indi- 
vidual drivers can each handle 30 watts without difficulty, 
and few of us are likely to be able to apply more than 270 
watts to each channel. 

In the final analysis, the judgment of a speaker must be 
subjective and personal in nature. I have, on occasion, 
warmly praised speakers that I considered to be outstand- 
ing performers. Everything I have said in the past is still 
valid. Nevertheless, at this rnoment, I must say that I have 
never heard a speaker system in my own home which could 
surpass, or even equal, the Bose 901 for overall “realism” 
of sound. My partner, Gladden Houck, concurs to the ex- 
tent that he considers it a very fine system, certainly the 
equal of anything at or near its price. The Bose 901 system, 
consisting of two speaker units and the equalizer, is priced 
at $476. 
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udio engineers generally acknowledge 

that speaker systems are the weak link 
in the chain of components encompassing 
hi-fi reproducing systems. Amplifiers, pre- 
amps, recordings, have all benefited from 
state-of-the-art developments employing 
solid-state devices, but speaker design has 
followed the same basic concept since the 
introduction of the dynamic reproducer. 

Many design engineers have atternpted to 
overcome the inherent weaknesses of the 
moving coil reproducer. By novel applica- 
tions of mechanical, electrical, and acous- 
tical principles in combination they attempt 
to produce a speaker system that sounds like 
the original vocal, solo instrument, or orches- 
tral rendition. 

Hi-fi enthusiasts spend hours, even weeks 
or months in selecting a speaker system that 
pleases them. As a result, they are convinced 
that there really is little possibility that a 
new system will be developed that can pro- 
vide cleaner, more realistic reproduction of 
sound. To correct for the deficiencies in 
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speaker systems, amplifiers have been pro- 
vided with unique compensating circuits that 
provide boost and/or cut at both high and 
low ends and sometimes in the mid-range 
of the audio spectrum. All of these circuits 
add to the cost of the amplifier. 

Design Censiderations. The recently 
introduced Bose 901 speaker system ap- 
pears to have met the challenge. The Bose 
901 is a product resulting from extensive 
research that disclosed many basic consider- 
ations to be taken in designing a speaker 
system. Among them are: a) correct bal- 
ance between reflected and direct sound 
radiation: b) a means to overcome. conflicts 
created by inherent resonances of speaker 
mechanisms and speaker housings; c) a new 
technique in the measurement of speakers, 
resulting in new standards for design, taking 
into account environmental conditions in 
which the speaker system will be operated; 
d) a new approach to the equalization of 
the signal driving the speaker to correct for 
deviations in frequency response created by 





Curves supplied by manufacturer 
show various treble contours 
possible with Bose 901 speaker sys- 
tem and its equalizer. In upper 
graph, treble level switch is in 
normal position; in lower graph, 
switch is in decrease position. 
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mechanical design limitations; e) elimina- 
tion of cross-over networks because of their 
inherent inability to effectively control am- 
plitude and phase of the acoustic output in 
the crossover region, be they active or pas- 
sive; f) a means to provide smooth, con- 
tinuous acoustical blending of stereo chan- 
nels without the necessity for a center 
speaker; and g) a means of eliminating 
standing waves that can affect frequency 
response. 

Adapting Design Research. The Bose 
901 system is comprised of two speaker en- 
closures, each pentagonal in shape, 1234 x 
20 9/16 x 12%-in. (HWD), and each con- 
taining nine 4-in. speakers. In addition, the 
system is furnished with an active equalizer 
that is inserted between the preamp and the 
power amp. 

The form of the housing was developed 
for reasons other than to make a speaker 
having a different shape than those which 
are now popular. Two rear baffles are joined 
at an angle of 120° to establish a proper 
reflective angle off the wall of the room in 
which the speakers are operating. Because 
of this angular placement and the large ratio 
(8 to 1) of radiated sound, achieved by em- 
ploying eight speakers on the rear angled 
baffles and one facing forward on the front 
baffle, there is uniform dispersion through- 
out the room without a “hole” in the center. 

For listeners, this creates the illusion of 
being in a concert hall with a full orchestra 
spread across a stage. It removes completely 
the necessity of having the listener located 
directly on the axis of the speakers in order 
to enjoy the full high frequency response of 
the system. To create the concert hall illu- 
sion, the speaker housings must be placed 8 
to 20-in. from the wall (12-in. is ideal aver- 
age) to take advantage of the reflective wall 


surface that was calculated in the overall 
system design. 

Also, the enclosures are shaped in penta- 
gons to ensure that there are no surfaces 
parallel to the speakers, thus avoiding stand- 
ing waves. 

By placing eight speakers closely spaced 
on the rear baffles, acoustic coupling creates 
a resonant frequency for each speaker that 
will be different from that of every other 
speaker. The end result will be that each 
resonance becomes inaudible because it 
changes the output of just one of many 
speakers in the system. Thus, the distor- 
tion of sound that is caused by reson- 
ances in conventional systems is eliminated 
by using many speakers, each being driven 
by the same signal. This, in fact, is the prin- 
cipal reason for the improved clarity and 
definition of reproduction from the Bose 
901, as compared to other speaker systems. 

Excellent Bass Response. To solve the 
problem of wide response with good bass 
reproduction, designers have always used as 
large a speaker as possible for reproducing 
lows, along with smaller speakers to repro- 
duce mid range and highs. In addition, they 
have employed a passive crossover network 
to route the appropriate frequency segment 
to a specific speaker. At best, these networks 
contribute appreciably to the overall distor- 
tion of the complete system. Despite the 
distortion effects of this combination on the 
response curve of such a speaker system, it 
appeared to be the only feasible method of 
covering the full audio range with dynamic 
speakers. 

Bose, however, developed special tech- 
niques, requiring many hours of precision 
measurements of room characteristics along 
with computer analysis of taped perform- 
ances, to prove that multiple small speakers 
can reproduce the same range as with single 
large speakers with no resonances or dis- 
tortion. Bose employs a total of nine 4-in. 





é 
Left, view of front and (center) view of back of Bose 901 with grille cloth removed (note that unit has 
eight speakers in rear, only one in front). Right, view of rear of unit with grille cloth in place. 
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special, long excursion, high compliance 
cone, wide range speakers in each penta- 
gonal housing. Arranged in an in-phase ar- 
ray these can move large amounts of air, 
which, along with the special equalizer, ac- 
counts for the spectacular bass and clean 
mid and high range response of the 901 
system. 

High Power Capacity. Since each of the 
nine speakers individually can handle 30 
watts of audio power, the complete system 
is capable of operating at very high power 
levels (upwards of 270 watts), that may be 
required to reproduce low frequencies of 
sufficient loudness. Bose recommends that 
amplifiers having a minimum of 20 watts 
power output be used. This is necessary 
to overcome the losses created by the equa- 
lizer and still have sufficient power output 
to recreate the dynamic range necessary to 
produce the illusion of natural reproduction. 

The Active Filter. Regardless of the de- 
sign of any speaker system, its overall per- 
formance can be improved somewhat by the 
application of correctly designed electronic 
networks that compensate for its variations 
from a uniform frequency response. Be- 
cause it is impractical to equalize for varia- 
tions created by resonances, speaker systems 
have suffered. However, since the Bose 901 
speaker has been designed to be virtually 
free of resonance effects, the active equalizer 
that is part of this speaker system, produces 
uniformity of radiated power vs frequency 
not attainable in other commercially avail- 
able speaker systems. This equalizer is a 
sophisticated, transistorized, active unit that 
accurately compensates stereo response for 
the effects of speaker characteristics, enclo- 
sure dimensions, radiation impedances and 
even the grille cloth covering the baffles. 
Equalization is accomplished without intro- 
ducing distortion. This is achieved by equa- 
lizing the signal between the preamp and 
the power amplifier which, therefore, re- 
moves the necessity of employing the iron 
core inducers and capacitors capable of han- 
dling high power, that introduce distortion 
in passive filters. Further to this, it is pos- 
sible to get a greater degree of accuracy in 
equalization by the use of more elements 
in an active filter than is practical in a pas- 
sive one. 


Tailoring Response. Besides affording 
the compensation required to produce flat 
acoustic response, this equalizer provides a 
selection of nineteen additional contours, 
selectable from the front panel of the equa- 
lizer. This flexibility of control of equaliza- 
tion permits the listener to tailor the response 
to meet his particular tastes in compensating 
for room characteristics, recording tech- 
niques, and other variables. A separate 
switch produces steep, uniform attenuation 
below 40 Hz to remove turntable rumble 
without affecting bass response from 50 Hz 
on. 
Conclusion. The Bose 901 speaker sys- 
tem delivers the most natural stereo sound, 
creating the illusion of being in a concert 
hall, with a uniformity of frequency re- 
sponse and freedom from distortion that is 
unbelievable, particularly if the listener takes 
into account the physical size. Considering 
all its advantages, the price tag of just under 
$500.00 for the complete system, which in- 
cludes two speaker assemblies and the active 
equalizer, is modest. It is our opinion that 
this is the speaker system to own, regardless 
of price, if one wants the ultimate in listen- 
ing pleasure. 

For further information and literature, 
write The Bose Corp., Dept. E, Natick, 
Mass. 01760 a 
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Bose 901 Speaker System 


HERE IS a great deal of advance 
interest in this report—and not 


without reason, as you will see. 

Bose is a relatively new company, and 
the 901 is its one and only product. This 
is a “system” in every sense of the word, 
because the model number actually in- 
cludes two speaker units plus an electronic 
control that goes between your preamp 
and amp. (It can also be hooked up to 
the tape monitoring circuits, and will 
provide switching for a tape recorder in 
addition to fulfilling its own primary 
functions. More about these presently.) 

The two speaker enclosures are marked 
for left and right channels. At first 
glance you might think that they are 
meant for corner placement only, though 
this is hardly the case. They are not very 
large—only about 19” wide across the 
flat front and 13” deep. 

Yet inside each box are nine small high- 
quality speakers! Eight face the rear, 
via the two faces of the pointed side. 
The ninth faces forward, in the upper left 
of the left speaker and upper right of the 
right speaker. The frequency spectrum 


and strength are divided among the speak- 
ers so that each gets fundamentally the 
same, The enclosure is intended to be 
free-standing, some distance from a wall. 
The eight rear speakers act as dispersers, 
serving mostly to reflect sound from the 
wall. Only the ninth or forward speaker 
localizes sound, in particular for the 
poorly-reflected highs. The net effect 
is intended to be an impression of wide 
sound dispersion over a broad plane (as 
in a concert hall) which nevertheless 
preserves the localizing information of 
stereo. 

It works! 

The Bose 901 is, indeed, one of the 
finest speaker systems it has ever been my 
pleasure to hear. I have lived with it now 
for several months, so that I am quite 
sure of what I say. I have long believed 
in the value of wide sound dispersion, and 
this system amply provides it. 

Dispersion notwithstanding, it is the 
sound itself that remains paramount. 
The 901 is characteristically smooth. 
Everything is simply there. At high fre- 
quencies the ear indeed tells you that the 


frequency is there, but you do not have 
any “beaming” effect as with direct 
radiators. The bass is smooth down to 
my room’s resonance at 34 Hz, with a 
smooth rolloff below. And there is useful 
output to about 25 Hz, which is plenty 
low enough. 

In part the 901 achieves its excellent 
bass response by means of a boost cir- 
cuit in the control box. This places an 
enormous strain on a power amplifier of 
marginal power. And 60 watts may prove 
to be marginal! I would say that to use 
the Bose 901 at its full potential demands 
an amplifier that can provide at least 50 
or 60 watts at 50 Hz and below. Less than 
that will cause you to hear some audible 
bass distortion (caused by the amplifier 
clipping) at very high listening levels in 
large rooms. In any case I think that so 
fine a speaker would be simply wasted on 
amplifiers that can provide only 20-25 
watts per channel. 

The control box provides a useful 
degree of speaker tuning. It does serve 
to compensate the speaker against room 
acoustics, but it will do more. If you have 
a bright (or dull) cartridge and a tape re- 
corder that is fiat, they will not sound 
alike with equally good material. The 
high-frequency control can be used to 
(subtly) boost or cut highs in such a. way 
as to equalize a bright cartridge. I have 
used this to compare more accurately the 
relative sound of cartridges, and it is 
effective. 

But back to the sonic quality per se. 
I would have expected that all this re- 
flected sound might have a bad effect on 
the sharpness of transients. Not so. 
The 901 is quite crisp in its attacks. When 
the music stops, so does the speaker. 

But you really have to hear music from 
the best sources (such as master tapes) 
to appreciate all the virtues of this extra- 
ordinary system. True, at a price of 
$476.00 for the pair its virtues may not 
be for everyone. And perhaps I have 
failed (I suspect that I have failed) to give 
a clear picture of its special qualities. 
I urge that you listen for yourself. I 
think you will have to agree that Bose has, 
in a single giant step, produced one of the 
finest speaker systems ever made. 














Dasorre THE PREVALENCE of look-alikes and 
sound-alikes in audio, every now and then the 
maverick spirit asserts itself and produces something 
that turns out to be as good from a performance 
standpoint as it is interesting from a design stand- 
point. So it is with the new Bose 901 speaker 
system, which—while an obvious departure from 
the familiar two-cubic-foot-walnut-box approach to 
speaker design—strikes us as one of the best sound 
reproducers we have ever heard. 

Basically, the Bose 901 is a speaker system whose 
acoustic response is influenced by the electrical re- 
sponse of an equalizer unit inserted in the ampli- 
fication chain. One equalizer serves to control two 
stereo channels. Each speaker system itself consists 
of nine specially designed four-inch drivers installed 
in a five-sided enclosure so that one driver faces 
into the listening room while the other eight radiate 
against a wall or other surface behind the enclosure. 
The nine speakers in each enclosure are identical, 
and no crossover network is used. 

A question that immediately comes to mind is: 
can several small speakers match the bass perform- 
ance of one large woofer? Let’s see. It is apparent 
that the Bose system is based on certain specific 
design concepts, not all of which are completely 
accepted in audio circles. To wit: a relatively high 
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amount of reflected sound, vis-a-vis direct radiated 
sound, is very desirable ir playback; what one hears 
out of the speaker system is more important than 
what can be measured going into the system (the 
acoustic response should be flat even though the 
electrical signal itself is not); in creating a wide- 
range, high-quality speaker system the woofer- 
tweeter-with-crossover-network approach can be suc- 
cessfully ignored if suitable design steps are taken 
in the use of several identical drivers; nonparallel 
sides for an enclosure are more desirable than 
parallel sides; a speaker system ought to incorporate 
provisions—instead of or in addition to those 
normally found on an amplifier—for specific forms 
and degrees of tonal compensation related to input 
program material, speaker system characteristics, and 
loading to the acoustics of the listening room. 

If all this sounds complex, it is. Briefly, here’s 
how it works: the spatial presentation of sonic in- 
formation, particularly germane to stereo, is accom- 
plished by deliberately introducing a high ratio 
(eight-to-one, approximately) of indirect-to-direct 
sound. The sound reflecting off the walls blends 
with the sound from the lone driver in front to 
enhance the ambience and spatiality of the repro- 
duction. At the same time the total area of speaker 
diaphragms improves the radiation resistance of the 





system in loading or transferring sound into the 
listening area. At low frequencies all nine speakers 
respond in phase to move fairly large amounts of 
air, thus radiating bass power. At high frequencies 
the small diaphragm of each speaker naturally be- 
haves like a tweeter. Differences in individual 
resonances are overcome by the close internal 
coupling of the drivers, with the result that the re- 
sponse of the total array becomes fairly smooth, as 
compared to the characteristic response of any single 
driver. 

To extend the range of this smooth response and 
also to shape it to suit both program material and 
room acoustics, Bose employs an “active equalizer,” 
a solid-state device that boosts the very low and 
very high ends of the spectrum. By using its con- 
trols, you can vary the degree of boost at either 
end (twenty frequency contours are available), but 
some lift always remains effective. The equalizer 
comes before the power amplification section of 
whatever equipment you're using; its connections 
permit you to patch it into a separate preamp and 
power amp, into an integrated amplifier, or into a 
receiver. Electronically speaking, the equalizer is a 
fairly sophisticated device—one of its functions, for 
instance, is to compensate for the acoustical character 
of the grille cloth over the speaker enclosure. 

If this sounds like electronic hocus-pocus, consider 
that it is really no more so than the equalization (i.e., 
frequency gimmicking) used on records and tapes, 
which is compensated for by reciprocal circuits in 
every modern amplifier and receiver. Analysis of 
the Bose approach and—more important—many 
hours of listening to the system certainly justify and 
validate it in my opinion. Indeed, after comparing 
its various frequency contours, playing a number of 
recordings, I'd go so far as to say that you can use 
the Bose equalizer as a “trimmer” adjustment to 
further refine the existing RIAA characteristic dur- 
ing playback, thereby cleaning up both the very low 
and high ends of the audible response of many re- 
cordings. It also helps the tonal balance of FM 
broadcasts and of prerecorded tapes (though the 
latter generally strike me as better balanced to begin 
with) played through your system. 

Because the equalization comes before the power 
amplifier, it can make demands of the latter that 
may exceed its capabilities. For this reason the Bose 
901 is not recommended for use with puny ampli- 
fiers unless you're willing to settle for less than the 
full response capabilities of the system. Amplifiers 





(or amplifier sections of receivers) that can deliver 
at least 20 watts RMS power per channel into an 
8-ohm load are recommended. At the same time, 
the power-handling ability of the combined nine 
drivers is prodigious, and permits using amplifiers 
that can deliver over 100 watts RMS per channel. 


p. — THAT My verdict is in part subjective (and 
allowing too for the protean nature of the audio 
field, in which some future development may cause 
me to modify this opinion), I will say that as of 
now the Bose 901 strikes me as the best-sounding 
speaker system in its size and price class I have 
yet auditioned. Indeed, it rivals many systems built 
to larger dimensions and/or costing considerably 
more. In its midrange and highs—for clarity, full 
range, wide dispersion, open and natural sound— 
it is unsurpassed by anything I’ve heard. In its bass 
it is easily a match for the best of the air-suspension 
systems, and is outperformed only by the costliest 
and biggest of the top giants and horn systems. You 
actually have to think in terms of systems about 
double its cost, or more, to find speakers that sur- 
pass it at the low end—and then, they do so only 
by a few notes around the 20 Hz to 25 Hz region, 
or by what may be called an almost “subsonic feel” 
that is perceptible only on some program material. 
As for stereo spread and depth, no pair of speaker 
systems I’ve yet installed managed to create a more 
convincing and pleasing panorama of sound without 
the aid of center-fill or surround speakers to aug- 
ment the presentation. 

I did not attempt to push the 901 to its theoretical 
limit of 270 watts power-handling capacity (this 
figure is based on a 30-watt rating for each of the 
nine drivers in one enclosure), but I did run it from 
a 50-watt-per-channel amp. At louder than normal 
levels and with the equalizer contour set to deliver 
flat response, I found that the bass line held up 
firmly and cleanly to 40 Hz. Then—with some slight 
doubling that was considerably less than on most 
speaker systems and which did not increase as fre- 
quency was lowered—it continued strongly and with 
remarkable linearity to 26 Hz. By reducing the 
input level just slightly, to a more normal listening 
level, I found the 901 responded down to 23 Hz. 
The middles and highs were exceptionally smooth, 
clean, and strong, showing virtually no directional 
effects. A 10-kHz tone could be heard in another 
room; 13 kHz was audible fairly well off axis; 





14 kHz was audible closer on axis; and from here 
the response sloped off towards inaudibility. White 
noise response was exceptionally smooth and well 
distributed throughout the listening area. 

To test the equalizer and Bose’s claim that the 
901 system responds with alacrity to differences in 
program sources, I played the same recordings with 
different pickups, and different recordings with the 
same pickup. Details of this extended listening oc- 
cupied several of us for -days; what it comes to is 
this: the equalizer not only serves generally to con- 
tour the amplifier response with respect to the 901 
speakers, but it can (indeed, should, for the most 
accurate playback) also be used to vary this contour 
—subtly, but to critical ears effectively—at both the 
extreme high and low ends of a system’s total re- 
sponse. In this way all the elements involved (pro- 
gram source, amplifier, room acoustics) can be 
brought into suitable or integrated acoustic focus. 
In this sense, the 901 system is the closest approach 
to the concept of “sound conditioning” of a listening 
room yet encountered in a commercially avaitable, 
competitively priced product. And it is all the more 
commendable for its ease in use: the equalizer is a 
small walnut box that you can install next to or on 
top of your main control panel, whether it’s part 
of a separate amplifier or a stereo receiver. After 
some experiment you will find the best positions for 
its controls for various recordings and/or different 
cartridges used in playing those recordings. For 
instance, using the Ortofon to play some Columbia 
records of the New York Philharmonic under Bern- 
stein, I found it more agreeable to cut back on the 
high end a few steps; with the Shure V-15 II I cut 
back only one step. For Vanguard’s recent Dolbyized 
releases I cut back one step with the Ortofon, but 
ran the system flat for the Shure. In discussing these 
adjustments with the manufacturer I was told that 
the exact degree of adjustment is bound to vary in 
different listening rooms but that the general pattern 
I had hit on seemed valid: recordings and pickups— 
even those that may be termed high quality—do 
vary in acoustic tone, and Bose’s aim is to provide 
the keen-eared listener with a means (if he opts to 
use it) of compensating for those variations. 


Behind the grille cloth, each repro- 
ducer in Bose 901 system has 
eight speakers on its angled rear 
panels, one on the front panel. 
Equalizer has controls for shaping 
contour of response, plus tape 
monitor substitute if patched into 
amplifier or receiver tape jacks. 





Yet another area of compensation—this one pri- 
marily with regard to individual room acoustics and 
relative location of the speakers—is offered by the 
901 system. The accompanying diagrams illustrate 
this point, and again the effects represented are 
definitely audible. If you toe the speakers inward, 
more sound will come from the sides of the room; 
this effect increases the apparent stereo spread and 
may be desirable if the speakers have to be located 
fairly close to each other, say about three feet apart. 
If you toe the speakers outward, less sound will come 
from the sides and there will be more of a centre-fill 
effect—useful if the speakers are installed very far 
apart, say about fifteen feet from each other. In 
any location, you must leave about a foot of space 
behind the speaker and any amount of space at its 
side in order to allow the “bounce-and-reflect” effect 
to develop. Correctly installed along these lines, the 
pair of 901 systems provides full stereo from just 
about any listening position in the room. Combined 
with the sense of front-to-rear depth they project, 
the sound never seems to be emanating from boxes; 
rather you feel that the sound is “just there,” and 
fairly well spread about you too. The acoustic per- 
spective thus provided comes surprisingly close to 
simulating the sort of ambience you normally would 
get only by using “surround” and center-fill speakers 
in addition to the normal stereo pair. 

Add to these virtues the utterly clean wide-range 
response of a 901, its neutral, well-balanced, trans- 
parent quality on all program material, and you 
feel you’ve made some sort of stereo discovery. And 
it doesn’t pall, either: you can listen to this system 
for hours on end without getting listener fatigue— 
if your own response to it is like ours, you'll be re- 
luctant to turn it off and go to bed. 





down 
beat 


A Report on Bose 901 Speakers 


The weakest part of hi-fi systems has 
been the spéaker, since technology caught 
up with amplifiers and tuners. The frus- 
trated audiophile knows that the signal 
coming from his amplifier is miraculously 
close to that coming off the original record- 
ing microphone—but somehow it doesn’t 
sound the way it did in the studio. 

One fault in reproduction lies with the 
limitations of microphones, A microphone 
is no substitute for the human ear with 
respect to direction and differentiation of 
sound. 

On todays multitrack recordings, the 
emphasis is on one sound or instrument 
per microphone for greatest separation on 
the recorded tracks. The greater the sep- 
aration, the more freedom the recording 
engineer has concerning what instrument 
goes in which channel in a stereo mix-down 
of all the tracks. After the mix, records 
are mass-produced from the stereo tape 
master. Up to this point, the audio signal 
has not suffered any great loss but rather 
has been boosted and equalized by the 
engineers. The stereo amplifier and record 
changer in the average set is capable of 
doing a great job in reproduction. 

But here is the second fault—the speak- 
ers. Even with the best equipment, the 
output of a microphone amplified through 
speakers will not sound the same as the 
original sound source. 

Why? The directional microphone pulls 
in mostly sound from the voice or instru- 
ment. The human ear pulls in direct and 
reflected sounds and mixes them to arrive 
at a natural sound. A speaker must be able 
to compensate for the non-reflective sound 
of the recording microphone by adding an 
extra amount of reflected sound. Few 
speakers compensate in this way. 

The speakers in a recording studio are 
conventional bass reflex or acoustic suspen- 
sion design, designed to reproduce a flat 
response under acoustically controlled con- 
ditions. This tells the engineer exactly what 
the microphone is picking up and helps 
his trained ear compensate for scarcities of 
reflections produced in the listening area 
(equalization, echo, etc.). 

At our studios, however, we have tried 
two stereo sets of Bose 901 speakers [142] 
with the active equalizers enclosed. The 
direct and reflected sound reproduced by 
the Bose speakers with the help of the 
901 equalizer sounds amazingly natural and 
holds true to the sound the artist in the 
studio is hearing. 

At first, we were skeptical about the 
Bose in physical comparison with acoustic 
suspension and bass reflex design but after 
testing, we found improvements we couldn’t 
overlook: the nine speakers in the enclo- 
sure eliminated audible speaker resonances; 
there was no loss in the crossover or in- 
accurate crossover frequencies because the 


Bose has full-range speakers and does not 
require a crossover; the test tones we sent 
through our four Bose speakers proved 
that any point in our contro] room is a 
good listening point—i.e., there seems to 
be equal volume coming from each speak- 
er, yet each of the four speakers is iden- 
tifiable by test tone. 

The one fault we found was in the 
response curve of the speakers without 
equalizers, but this is almost by design. 
Bose eliminated the problems conventional 
speakers only minimize, In doing so, they 
created a speaker with high coloration over 
the audible range. They then designed the 
901 equalizer, which tapers the sound of 
the amplifier in each frequency range to fit 
the needs of the Bose. The efficiency of 
the equalizer showed us we could use the 
Bose consumer speakers in professional ap- 
plications, and the high capacity of the 
Bose let us drive them with our studio am- 
plifiers, at a whisper or wide-open, with 
clean and true sound. The Bose have re- 
placed forever our bulky studio speakers 
with compact, handsome units. The only 
trouble is—our studio is beginning to look 
like a living room! 

—Chuck Lishon 





Bose 901 
Speaker System 


ISTEREO &| 
HI-FI TIMES 


There are a number of tried-and-true 
principles at work in this speaker, all of 
which combine to create one of the fin- 
est products it has been my pleasure to 
hear in some time. 

The Bose 901 is a complete stereo 
speaker system. The package consists of 
two speaker ‘containers and a control 
box. Each of the speaker boxes contains 
a total of nine drivers, all of them iden- 
tical. This, in itself, is nothing new— 
multi-speaker systems have been with 
us for quite a while. Old-timers will re- 
member the Sweet Sixteen, in which a 
number of low-cost speakers were com- 
bined to make what was supposed to be 
a high-quality speaker. It didn’t quite 
work, partly because 16 times poor 
quality is still poor quality. Bose has 
used specially designed, high-grade, 
long-throw speakers. They are each 
four inches in diameter. 

Eight of these speakers are facing the 
rear of the enclosure. with the ninth 
facing forward. The enclosures are not 
identical in the placement of that front- 
facing speaker. That is why they are 
specified as a left and right stereo pair. 
The principle of operation has all of the 
speakers functioning as a woofer to 
move a notable amount of air. Thus, ex- 
cellent bass is realized from the system 











even though small speaker drivers are 
used. With eight of the drivers facing 
rearward, most of the sound you will 
hear will be reflected off the wall. Spe- 
cifically. 89 percent of the sound is re- 
flective and 11 percent is direct. Ac- 
cording to the manufacturer, this is done 
to simulate the actual performance char- 
acteristics of instruments in a concert 
hall. 

It is not new to speaker design to 
have such a multi-directional sound 
source. But some of the earlier attempts 
fell short of ideal on sonic qualities. 
This one does not. 

A multi-directional speaker seems to 
have its sound escape from its box. The 
source of the sound becomes an area of 
space above and behind the actual en- 
closure. This is created beautifully by 
these speakers. A stereo pair fills the 
wall with stereo, yet each instrument has 
its prescribed space—and it stays there. 
You can spread these speakers much 
wider apart than conventional boxes 
without creating a “hole-in-the-middle” 
effect. 

When 89 percent of the highs you are 
hearing are bounced off the wall, you 
are going to have an apparent loss of 
highs—depending on the absorption 
characteristics of the wall. (The man- 





The Bose 901 speaker system. 


ual for the 901 specifies that the speak- 
ers must be 12 to 18 inches from the 
wall, with the V point of the enclosure 
pointing at the wall.) 

In order to compensate for this char- 
acteristic, the Bose 901 comes with a 
special active-equalizer box. This con- 
trol is connected between preamp and 
amplifier, usually via the tape monitor 
controls on your amplifier. (There is a 
tape-monitor control acting as a substi- 
tute on the equalizer panel if the moni- 
tor control connections on your ampli- 
fier are used.) 

The equalizer serves to restore some 
of the lost highs that reflection creates. 
It also serves to slightly boost the ex- 
treme bass of the speakers. In short. the 
manufacturer recognizes that certain 
weaknesses exist in the basic speakers 
and he has taken this legitimate route 
to correction. The net result is that you 
can achieve a pretty nearly true flat 
sound from the speakers. 

The equalizer does, additionally. per- 
mit you to tailor this sound somewhat. 
A total of 20 possibilities via three 
switches permit a wide range of subtly 
effective control. Most of this is on the 
treble end, with curves of presence, 
boost and cut available. These are not 
substitute amplifier tone controls—they 
function to control only the speaker vis 
a vis the particular room it is in—but 
they can do some effective correction of 
program defects as well. As an example, 
the Ortofon SL-15T cartridge reviewed 
elsewhere in this issue sounds much bet- 
ter with the right-hand switch activated. 
This puts a slight depression in the up- 
per mid-band and rolls down the highs 
slightly, neatly compensating for the 


brightness of the Ortofon. Other car- 
tridges I have need other compensation 
or can be used in the indicated flat posi- 
tions on the equalizer. 

All of this is very nice. But the proof 
of the pudding inevitably is sound. And 
it is here that the Bose 901 stands clearly 
away from the crowd. I’ve already com- 
mented on the directional characteris- 
tics—they are in no small measure re- 
sponsible for the naturalness of the 
sound. But the bandwidth and transient 
characteristics of the speaker play an 
important part, as does the freedom 
from coloration. 

I have spent a good deal of time lis- 
tening to these speakers. They have been 
connected into a system that contains 
the finest componentry, including a 
high-power amplifier. There are only a 
few speakers I have ever come across 
that I can listen to for long periods. 
This is one of them. 

The bandwidth is certainly there. The 
speaker goes down smoothly to 34 Hz 
and rolls off slowly below, according to 
frequency sweeps I made. There is still 
useful response at 25 Hz. That is cer- 
tainly as deep as most music will go 
and, in any case, as deep as recordings 
will let you go. 

At the high end, the speaker contin- 
ues to go out, without audible peaks and 
valleys, to well beyond the upper limits 
of my hearing. As a check of the effec- 
tiveness of the directional characteris- 
tics, I put a 12 kHz signal on the 
speaker. There was no apparent change 
in level as I walked around the room. In 
any position there was a uniformity that 
bespoke the excellence of both the dis- 
persion and the compensation of highs. 


But we don’t listen to sine waves, we r 


listen to music. What a lovely sound 
these speakers produce! 

On small groups the sound is clear 
and lifelike; with massive forces, the 
speaker simply expands to take up the 
slack. One of my favorite tests uses 
massed choral works. The dispersion 
characteristics take care of the stereo 
spread effectively. The sonic character- 
istics make the voices sound real. A 
massed chorus is an assembly of indi- 
vidual voices. A good speaker will sound 
just that way, a less-than-good speaker 
will homogenize the chorus into a con- 
fused mass. Listen to Columbia’s Car- 
mina Burana on this speaker and hear 
what a chorus should sound like! 

Piano is always tough, but the Bose 


901 makes it sound like it is. However, 
the hardest is male voice. Here the Bose 


system has a slight bass underline on 
the voice (as do so many speakers) but 
it is slight. and much better than most 
systems I hear. 

All in all, the Bose 901 produces as 
well-balanced a musical sound as one 
could want. Sharp transients are fol- 
lowed faithfully. When a sound stops 
suddenly, so does the speaker. It does 
not produce bass when there is no bass 
in the music, but it does produce the 
deepest bass when it is there. 

Each of the enclosures is 2014 by 
1234 by 12% inches. They are compact 
in size, certainly. The complete system 
costs $476 (including the equalizer). It 
wants a lot of power—if you like to 
listen loudly, consider 50 watts per 
channel as a minimum. But these speak- 
ers provide a quality that is not to be 


matched. Cj) 
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WALK INTO the average hi-fi shop 
and what do you see? Walnut boxes. 
Dozens of them... most quite small, re- 
sembling breadboxes or whiskey cases. 
Some are even as big as two whiskey 
cases. These are loudspeakers...a ubiq- 
uitous breed, many imitative of each 
other’s design. The claims for these 
speakers range from modest to monu- 
mental. No matter how clever their de- 
sign, however, to me they have the 
common failing of sounding like a small 
point source. The music they reproduce 
sounds rather compressed and con- 
stricted, like it is being squeezed 
through a small window. 

Am I prejudiced? You bet! For you 
see, I’m a “big speaker” man. Un- 
abashed. Uncompromising. 

You'll see the big ones in some of the 
better salons, interspersed among the 
walnut boxes, standing like some noble 
monoliths; speakers of massive propor- 
tion and imposing aspect. These are 


the sonic aristocrats ... the “big speak- 
ers”... loathed by women and loved 
by men. 

At the moment, this partiality is a 
bit of a problem since I find myself on 
a most uncomfortable spot. You see, 
I’ve been listening to a pair of small 
speakers that are reproducing music 
with a high-quality BIG speaker sound, 
something no small speakers have any 
right to do. This iconoclastic speaker is 
known as the Bose 901... and thereby 
hangs a tale. 


The 12-Year Quest 


The speaker was designed by Dr. 
Amar G. Bose, a Professor of Electri- 
cal Engineering at the Massachusetts 
Institute of Technology. Among other 
things, Dr. Bose teaches acoustics, and 
for many years has been an avid music 
lover and hi-fi enthusiast. About 12 
years ago, he began a research program 
to investigate loudspeakers, realizing 
the truth of the old axiom that the 
loudspeaker is the weakest link in the 
chain of music reproduction. A student 
of the violin in his younger days and 
a frequent visitor to concerts of the 
Boston Symphony Orchestra in nearby 
Symphony Hall, Dr. Bose could not 
equate what he heard in the concert 
hall with the reproduction of music 
through commercially available loud- 
speakers. This was especially true with 
his beloved strings, which the speakers 
reproduced as “interesting but far from 
realistic sounds.” Preliminary investi- 
gations convinced him that a good part 
of the loudspeaker problems derived 
from the inadequacy of standard speak- 
er measurement techniques, which 
relied mainly on anechoic chamber 
tests or free-field testing, and a lot of 
subjective listening. 


Speaker design over the past thirty 
years has been part science, with an- 
echoic chambers and chain-driven os- 
cillators and oscilloscopes, and part art, 
which is “cut and try,” “cone doping,” 
“individual tuning,” and still more sub- 
jective listening. There would seem to 
be little argument that empiricism 
plays a significant role in speaker de- 
velopment. It is also obvious that we 
don’t listen to music in anechoic cham- 
bers, so that questions have been raised 
regarding the relevancy of chamber 
data to the home listening environ- 
ment. 

The task Dr. Bose set for himself 
was formidable indeed: to determine 
what kind of sound an ideally “per- 
fect” speaker (theoretically a pulsating 
sphere) would make—if such a thing 
could be made; and to develop precise 
techniques of measuring this sound, all 
within the context of the home listen- 
ing experience. 

With the vast technical resources of 
MIT at hand, Dr. Bose’s first consider- 
ation was the simulation of the ideal 
pulsating sphere, whose surface will 
emit pressure waves in all directions 
evenly over its entire circumference. It 
is important to note that a prime re- 
quirement was that the pulsating 
sphere be measured in a typical room, 
in the same fashion as a normally oper- 
ating speaker. Thus the normal room 
nodes, standing waves, etc., would be 
included in the measurement. The ideal 
pulsating sphere turned out to be a 
high-voltage spark, which was dis- 
charged into a typical home-type room 
at a frequency rate of once per second. 
The sound of the spark discharge was 
picked up by a calibrated Western 
Electric 640-AA condenser micro- 
phone. The microphone reconverted 
the sound into an electrical signal 





Fig. 1—A front and back view of the Bose 901 speaker system, with 
grille cloths removed, is shown below. (Note that the rear of the 
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system has eight speakers, while the front panel has only one.) At 
right is the system’s active equalizer, which has 10 transistors. 








which was fed into an accumulator in 
a special digital computer. 

When 4000 discharges had been 
stored, the computer performed a com- 
putation known as digital convolution 
or superposition integration (which I 
assure you is quite beyond my ken) 
and the result was, in essence, a mathe- 
matical model of the ideal speaker. The 
signals on the computer tape are, of 
course, different from the original (re- 
produced by the ideal pulsating sphere/ 
spark speaker) because of the char- 
acteristics of the “speaker” and the 
acoustical properties of the room. How- 
ever, there is a mathematical relation- 
ship between the two signals. Once this 
is known it is possible to calculate how 
the “speaker” would reproduce any 
other recorded signals in that room, 
even something as complex as a sym- 
phony. The next step was to feed actual 
speech and music samples into the 
computer in the form of electrical sig- 
nals. The computer produced a tape of 
this material as it would have been re- 
corded in a living room if the samples 
were played through a hypothetical 
one-eighth of an ideal pulsating- 
sphere speaker placed in a corner. The 
same music and speech samples were 
also played in the same room through 
an approximation to the ideal sphere 
speaker, consisting of 22 four-inch 
speakers placed on an octant of a 
sphere of 20 inches radius, driven by a 
computer-derived electronic equalizing 
network. 

The two tapes were subjectively 
compared. According to Dr. Bose, ob- 
servers were unable (during an A-B 
test) to distinguish the computer-proc- 
essed music and speech from the 
speaker-processed music and speech. 

The mind boggles at the enormous 
computations necessary to produce 
these tapes. The need for a computer 
is obvious. Even so, whén Dr. Bose 
started this experiment some years ago, 
it would have taken 20 hours of com- 
puter time to process 7 seconds of 
music! Today, this has been reduced to 
3 to 6 minutes for the same 7-second 
processing. 

The importance of the experiment 
was that it proved that with proper fre- 
quency equalization, the multiplicity of 
closely spaced small speakers on the 
spherical surface can produce music 
and speech signals in a normal listen- 
ing environment that are subjectively 
indistinguishable from those that would 
be produced by an ideal pulsating 
sphere in the same environment hav- 
ing no resonances, phase shift, diffrac- 
tion, or distortion of any kind. Thus 


Dr. Bose had a precise measurement 
technique, yet one that worked with 
the subjective factors in listening ex- 
perience. 

Another experiment was conducted 
to provide a measurement technique 
for speaker distorticn. Distortion in 
speakers has usually been measured in 
an anechoic chamber, but this method 
of detecting distortion isn’t meaningful 
to the listener in the environment in 
which the speaker normally operates— 
his living room. Most speakers exhibit 
various forms of distortion as their in- 
tensity of radiation increases, and have 
relatively negligible distortion at very 
small intensities. Dr. Bose’s experiment 
made use of this fact to determine the 
level of intensity at which a speaker 
begins to generate audible distortion in 
music reproduction. Selections of music 
and speech were played a number of 
times through the speaker in a listen- 
ing room at successiv2ly increasing in- 
tensity levels. Binaural recordings of 
each successive speaker playing were 
made at a constant, standard level. The 
various recordings were synchronized 
on parallel tracks of an eight-channel 
tape recorder. The listener subject was 
then given an A-B presentation of 
the sample that was recorded with the 
speaker playing at the lowest level and 
a sample representing a higher speaker 
output level. Naturally, both samples 
were presented at the same level to the 
listener, and he was asked only to try 
to detect a difference. The level of in- 
tensity produced by the loudspeaker 
for which a difference is first detected 
is then a measure of the performance 
of the loudspeaker. This measure is 
pertinent to the ultimate subjective 
evaluation, but it was obtained without 
introducing the problems of individual 
value judgment or prior notions of the 
sound of distortion. Essentially, this is 
a way of correlating objective measure 
with the subjective perception of sound. 
The subject was not asked whether he 
likes or dislikes a sound, but merely if 
he could detect a difference between 
sounds. 

Armed with these unique measure- 
ment techniques, Dr. Bose continued 
his researches. As you can see from the 
foregoing, there has been considerable 
emphasis placed on the measurements 
as applied to the listening room en- 
vironment. There have been many 
studies of concert halls made which 
show, conclusively, that an auditor at 
a concert, no matter where he may be 
seated, hears the orchestra at a certain 
ratio of direct-to-reflected sound. Dr. 
Bose expanded much of the original 


European data on concert hall mea- 
surement; his studies have shown that 
for virtually all seats in the average 
concert hall, the reverberant field is 
dominant. Even in a large hall such as 
Symphony Hall in Boston, the rever- 
berant field equals the direct field only 
19 ft. from the orchestra. It is impor- 
tant to note that in a reverberant field, 
sound energy arrives at any point via 
reflections from the surfaces of the 
room and that the angles of incidence 
of the arriving sound are widely dis- 
tributed. This spatial property of the 
sound incident upon a listener, plus 
the frequency spectrum for the inci- 
dent energy, are the important factors 
in the subjective appreciation of music. 
* * * 


At first glance the Bose 901 is rather 
unprepossessing, but a closer look re- 
veals that the unit is pentagonal in 
shape, with the two rear panels form- 
ing a “Vee” angled at about 30 degrees. 
As you can see from the illustration, 
four speakers are mounted on each of 
the rear panels (total of eight), while a 
single speaker is mounted on the front 
panel. All nine drivers are identical, 


- specially designed, 4-in. units, with 


long-excursion voice coils. Each speak- 
er has a power handling rating of 30 
watts. Each is a full-range speaker, so 
there are no crossover networks. The 
sealed enclosure is densely packed with 
fiberglass. In this seemingly simple unit 
there are many sophisticated concepts 
derived from the research program. 

The Bose Model 901 is sold as a 
stereophonic speaker system, with two 
of the units comprising the stereo chan- 
nel, and both units controlled by a 
specially matched active equalizer. To 
function properly, the speakers must 
be placed in front of a wall with a 
minimum spacing from the wall of 6 
inches, a maximum of 18 inches (opti- 
mum spacing is 12 inches). 

Dr. Bose’s concept, based on the con- 
cert hall measurements which showed 
the need for a dominant reverberant 
field, results in the 8 speakers on the 
two back panels radiating 89 per cent 
of the energy toward the wall, while 
the single speaker on the front panel 
radiates 11 per cent of the energy into 
the room. This is said to provide the 
necessary ratio of reverberant-to-direct 
sound. With the rear panels angled at 
30 deg. to the wall, the wavefronts 
emerging from the first reflections from 
the back wall, together with the second 
reflections from the side walls, produce 
an effective source that is much larger 
than the actual enclosure; and that is 
well distributed across the wall in the 


same sense that an orchestra is dis- 
tributed across a stage. Since the re- 
flected sound affords a virtual central 
image, considerable flexibility is pos- 
sible in regard to the separation of the 
speakers. Naturally there is a certain 
optimum placement in any given room, 
but if circumstance dictates, the speak- 
ers may be placed further apart and 
closer together than other types of 
speakers, while maintaining the desired 
balance of stereo separation or center 
fill (judicious angling of the speakers 
inwards or outwards in relation to the 
walls is necessary, of course). 

The nine speakers in each enclosure 
are full-range units and, as you can 
see in the photo, are closely spaced. 
The resultant acoustic coupling causes 
the resonant frequencies of each 
speaker to be different from every other 
speaker. In much the same manner as 
i.f. cans are staggered to get a broad 
response, the resonances become in- 
audible; thus the sound of the total 
array of speakers is very smooth. With 
no crossover network, each speaker re- 
ceives the same audio signal. At low 
frequencies, the nine drivers, operating 
in phase, move a great deal of air, 
which is a well-known principle. At 
higher frequencies the relatively small 
cones behave like tweeters, with the 
highest frequencies propagated by the 
speakers’ dustcaps. The pentagonal 
shape of the enclosure ensures there 
are no sides parallel to any of the 
panels on which any of the nine drivers 
are mounted, which eliminates the 
problem of standing-wave resonance. 

The Bose active equalizer is a solid- 
state device which influences the acous- 
tic output of the two speaker units. 
Precise equalization is necessary for 
flat frequency response of the radiated 
sound. This involves considerable boost. 
In the case of flat response for the low- 
est frequencies, as much as 18 dB boost 
is needed. By manipulating the con- 
trols of the unit in the proper manner, 
a total of 20 different frequency con- 
tours are available to compensate for 
variations in room acoustics, phono 
pickups, program material, and so on. 
Some of the contours available are 
unique. For example, midrange fre- 
quencies can be reduced, but without 
a drastic roll-off of high frequencies. 
There is also a “below-40-hertz” switch 
that can reduce turntable rumble and 
other low-frequency disturbances with- 
out adversely affecting response above 
50 hertz. The equalization of the signal 
comes before the power amplifier. The 
unit can be conveniently patched into 
a preamp/amplifier setup, or an inte- 
grated amplifier or a receiver. In fact, 


the unit is treated as if it were a tape 

machine, utilizing the tape-in/tape-out 

jacks of your particular rig. Auxiliary 

tape input and output jacks are pro- 

vided on the rear panel of the equalizer. 
* * * 


Having described the Bose 901 sys- 
tem and its revolutionary concepts, the 
question, quite naturally, is how does 
it sound? At this point we'll have to 
bring up the matter of power amplifi- 
cation. [Because the equalization 
comes before the power amplifier] 
when you are trying to reproduce the 
very lowest frequencies at substantial 
levels, the 18-dB boost mentioned 
earlier can place really heavy demands 
on amplifier power. Let’s put it this 
way: for 99 per cent of the program 
material played by most people at bet- 
ter than “apartment house” levels, a 
good 30 to 40 watts continuous power 
per channel should suffice. But when 
you want to play that other 1 per cent 
of program material — the great pipe 
organs, with the really low pedal and, 
most especially, a sustained low fre- 
quency at thunderous levels — that’s 
when you need all the amplifier power 
you can afford. 

The speakers can handle high power, 
of course (each speaker in the Bose 
enclosures is rated at 30 watts, for a 
total of 270 watts per channel). You 
can lower your power requirements by 
activating the “below 40 Hz” switch, 
however. You gain about 6 dB this way. 
It is true you lose the frequencies below 
40 Hz, but if you desire to play the sys- 
tem at house-shaking levels, and don’t 
have sufficient amplifier power, this is 
the way it can be accomplished. 

I’ve had good results driving the 
Bose with medium- and high-power 
amplifiers. I tried it with a University 
receiver and with a CM 911, for ex- 
ample. Also with the McIntosh 2105, 
which has the advantage of a power 
level meter. If you monitor the output 
of the Mac amplifier during the heavi- 
est fortes of some grandiose symphony, 
and set the gain so that you don’t ex- 
ceed +3 (105 watts per channel), you 
won’t hear any distortion. (I didn’t.) 
You will also find it’s pretty loud! 

Lucky lad that I am, there is very 
little program material that I can’t 
cope with; not when I have a pair of 
McIntosh 3500 amplifiers, each capable 
of a mere 350 continuous watts per 
channel! These 120-pound (each) 
brutes are quite magnificént when 
working with the Bose speaker systems. 
I put on an organ recording containing 
plenty of “low C” pedal, and at a level 
of 108 dB (measured on a sound-level 
meter) the visual evidence of a scope 
across the speaker terminals and ‘the 


audible evidence indicated that the 
Bose and the Mac had just barely 
reached a point of mutual distortion. 

In evaluating the sound of the Bose 
901 system, I was constantly aware that 
I was listening to an entirely different 
kind of loudspeaker. In some ways, 
comparison of this speaker with con- 
ventional types isn’t quite valid. Even 
without its other virtues, the over- 
whelming superiority cf the Bose in 
terms of spatial presentation and stereo 
effect was immediately apparent. 
There is no question in my mind about 
the desirability of the direct/reflecting 
principle for home listening. With a 
symphonic recording, the illusion of an 
orchestra spread across the wall is un- 
canny. With the virtual image in the 
center you can sit well away from the 
traditional “stereo axis” and enjoy a 
very good stereo presentation. It is the 
closest thing I have heard to a true 
three-channel stereo recording. The 
overall sound is outstanding for its 
clarity, transparency, wide range, crisp 
clean transients... and just plain natu- 
ralness. Equally astonishing is the bass 
response. To hear a thunderous “low 
C” organ pedal from these small (ap- 
prox. 20 x 12 x 12) speakers, or a clean, 
weighty impact of a large bass drum is 
truly impressive. The speakers are 
mercilessly revealing of the faults in 
all manner of program material. It is 
a comparatively rare recording that 
could be played with the equalizer set 
in the flat position. (There is obviously 
more high-frequency distortion around 
than I realized.) The Bose really comes 
into its own with top-quality tapes. 
I have some symphonic masters and 
some one-to-one copies of masters, and 
they were reproduced with a natural- 
ness that is quite compelling. 

With only kudos for the Bose’s per- 
formance, there are some minor draw- 
backs, some of which have already been 
mentioned: Fairly high-power ampli- 
fiers are needed to realize the 901’s 
full potential; if you use headphones, 
the equalizer should be switched off; 
priced close to $500 for the entire sys- 
tem (two speaker systems and the 
solid-state equalizer), they cannot be 
considered to be truly inexpensive; 
placement requirements (6 to 18 inches 
from the wall) can be a problem to 
some persons since “bookshelf” loca- 
tion is excluded. But the above are 
trifles, in my estimation, when bal- 
anced against the astonishingly realis- 
tic sound achievable at home with the 
Bose speakers. 

There is no doubt that the rnuch- 
abused and overworked term, “break- 
through,” applies to the Bose 901 
system and its bold new concepts. Æ 
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BUYERS Foremost among current speakers tracing their lineage back to yesteryear 
is the Bose 901. Widely acclaimed by most anyone putting pen to paper, 
GUIDE the 901 has been hailed again and again as a breakthrough in technology. 


Quite the contrary, there is no new technology in the 901; the true secret 





behind the 901 is that it is the first system to roll three 
oldish ideas—rear radiation, multiple speakers, equalization 


—into one. The sound? The 901 is very possibly the only 
speaker system to date to actually pour forth in true 
concert-hall fashion. 
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Utilizing a “new” approach to 
sound reproduction that incorpo- 
rates at least three time-tested 
ideas, the Bose 901 is capable of 
delivering some of the most natural 
sound ever heard from a speaker 
system. Its midrange and highs are 
magnificently transparent, its 
lows neither smeared nor boomy, 
its over-all sound quality so clean 
that the listener is almost un- 
aware of the electronics between 
him and the instruments. How 
does it succeed? Through use of 
reflected rather than direct radia- 
tion; multiple speakers rather 
than crossover networks; a special 
equalizer to contour response 
to suit room requirements. 





MUIT GE IEAI”... the definitive 


amplifier that’s not 
for everyone. 





O D864 2 an Wa 














INDICATORS 
meres T 


aon som | 


"CO 


| 
IFIER — 1801 
o STATE DUAL CHANNEL POWER AMPL 
SOLID > 


No ordinary consumer product -- an amplifier that 
delivers 400 watts rms per channel, has calibrated 
light emitting diode (L.E.D.) level indicators as 
well as dual VU meters, weighs 82 pounds, and has 
a reliability that is backed by a FIVE - YEAR war- 
ranty on parts and labor. A precision instrument 
is a more accurate description of the 1801. And 
its price reflects it. So before you get too inter- 
ested, be aware that it takes just under $1000 to 
own one.* 


The technology, materials, and workmanship ap- 
propriate to amplifiers that deliver power greater 
than 100 watts rms per channel are more closely 
related to aerospace products than to consumer 
products. Being actively engaged in research on 
both types of products, we tapped our aerospace 
electronics staff for the design of the 1801. 





For those who want all the facts, we have prepared 

a 16 page color brochure that describes the 1801 

and discusses the relation of various amplifier Integral Design™ a BOSE first - enables a complete 
measurements to aural perception of sound. You amplifier channel , from the low-level stages to the 
will find this brochure useful for selecting an ampli- 14 silicon power output transistors, to be mounted 
fier in any price range. on a single card with photo etched precision 

*The 1801 is also available without the L.E.D. eitas- A complete citanie! can Ue roplaped M iess 
and VU meter monitor display option for under than ten minutes without a single adjustment! 
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Now out of the research that produced the original 901 and 501... 


BOSE brings you two new 
GEIE H Direct/Reflecting 


speaker systems. 








A NEW LISTENING EXPERIENCE BY BOSE 


Now that you’ve read what the critics had to say If you're in the market for a speaker with Direct/ 
about the original BOSE 901, we invite you to Reflecting® design -- like the 901 SERIES IL-- but 
audition the BOSE 901 SERIES II and judge for in a more modest price range, we invite you to com- 
yourself whether or not this is the best speaker pare the BOSE 501 SERIES TI with any speaker up 


system available, regardless of size or price. to the price of the 901 SERIES TI. 
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